The opportunities of retrieving geospatial datasets as open data and the reliability of Free and Open Source Software (FOSS) GIS increased the possibilities of performing a large number of geospatial analyses. In particular, the worldwide availability of Digital Elevation Model (DEM) permits to compute several topographic indexes able to characterize the land morphology. In this paper, we evaluate the performances of different open source GIS in the calculation of the Topographic Wetness Index (TWI), a widespread index in hydrological analysis that describes the tendency of an area to accumulate water. Nowadays, there is a large number of available open source desktop GIS, maintained as FOSS projects, each of them focusing on developing specific goals. Therefore, from user point of view, the choice of the best software in solving a particular task is influenced by the GIS specific features. The test was performed computing the TWI for the Rio Sinigo basin, in northern Italy. The DEM of the test area has been processed with GRASS GIS, Whitebox GAT and SAGA GIS. In order to identify equal workflows, all the combinations of available algorithms and parameters have been studied for each considered GIS. The final TWI maps produced as output were compared and discussed.
Introduction
The natural processes occurring in a catchment landscape can be analyzed by studying its topography. This analysis can provide information on the geomorphology, hydrogeology and even on biological processes taking place in the basin, leading to a qualitative, but also quantitative, characterization of the area.
The main source of data to conduct this kind of study is represented by the Digital Elevation Model (DEM), from which it is possible to obtain several topographic indexes. The spatial distribution of topographic attributes provides an indirect measure of the spatial variability of the processes taking place in the catchment and, consequently, makes it possible to map them. It is possible to divide these topographic attributes in primary and secondary topographic indexes. The primary topographic indexes are those that can be directly obtained from the elevation data, whilst the secondary topographic indexes are combinations of the primary indexes able to describe the spatial variability of specific processes [24] .
These topographic attributes can be easily extracted from DEMs using Geographic Information Systems (GIS) or specialized software. These software packages permit to create, manage, analyse and visualize georeferenced data [36] . Nowadays, Free and Open Source Software (FOSS) GIS are a widespread, recognized and rapidly developing counterpart to commercial solutions in the field of GISs [6, 18, 26] .
Free and open source software provide freedoms of use, modification, redistribution to the public and access to the source code. These projects are able to attract users and developers, who influence the software development and support, consequently raising their appeal to new free software users [37] . In fact, virtual and worldwide online platforms are available for users and developers (represented by online source code repository, mailing lists, online manuals and tutorials, etc.), which ease the improvements of the existing code and the implementation of new algorithms and tools. These development model grants advanced and interoperable software to final users, for free [4] .
There is a large number of available FOSS desktop GISs, which are developed and maintained by just as many free software projects; each of these projects focus its software development on specific functionalities, on the basis of the project goals. As a consequence, different GIS software may be better in solving some tasks than others. Thus, the choice of the most suitable software may be complicated and influenced by the study that has to be performed. In fact, many FOSS desktop GIS users adopt a "multi-GIS use strategy": they switch a number of GIS packages to accomplish different tasks [37] .
In this paper we will evaluate the performances of three different FOSS GIS packages on a specific task, from a user point of view. We propose an objective and replicable procedure for the comparison. Our aim is to highlight the differences in the algorithm implementation which may affect the final result.
In the last years, GIS has become a key tool for a wide range of disciplines as geology, climatology, geography, archaeology, oceanography, conservation. The users exploit GIS packages to manage, analyse and represent geospatial data [19, 39] . The paper is within the scope of water resource research field. The work focuses on the computation of morphometric indexes obtainable from DEMs. In particular, software comparisons are performed calculating a very common and widely used secondary topographic index, the Topographic Wetness Index (TWI).
Case study: the TWI
The performances of SAGA GIS, GRASS GIS and Whitebox GAT were compared in the field of the morphometric terrain analysis. In order to test the GISs in solving a complex task, we chose the Topographic Wetness Index (TWI). The TWI, being a compound index allowed to test different DEM based algorithms within each GIS environment.
The Topographic Wetness Index (TWI), the most commonly used hydrologically-based topographic index, describes the tendency of a cell to accumulate water; it is defined as follows,
where SCA is the Specific Catchment Area and φ is the slope angle, assuming the properties of the soil as uniform. The basic concept of the TWI is a massbalance: SCA is a parameter of the tendency to receive water, while the local slope and the draining contour length, implicit in the SCA, describe the tendency to evacuate water (Fig. 1) . This index assumes steady-state conditions and, as already pointed out, spatially invariant conditions for infiltration and transmissivity. The index is scaled by the natural logarithm [13] .
Areas prone to water accumulation (large contributing drainage areas) and characterized by low slope angle will be linked to high TWI values. On the other hand, well-drained dry areas (steep slopes) are associated to low TWI values. However, which particular TWI values indicate wet soils vary depending on landscape, climate and scale [1] .
The SCA is defined as the contributing area per unit width of contour. The contributing area (also known as basin area, upslope area, or flow accumulation) determines the size of the upslope area (derived by the number of cells) draining into a cell. To understand how the water flows on the land surface, and thus to calculate the contributing area, a flow routing algorithm is used. The flow routing algorithm establishes the direction of the flow for every cell [13] .
The index has shown good correlations with the real distribution of soil moisture in many small catchments, although it shows some limitations due to the dependence of the index to seasonal changes and other nontopographical variables as soil properties, land-use, vegetation, degree of saturation, and evapotranspiration. In fact, in flat areas this phenomenon is mainly driven by these variables and it is poorly affected by the morphology. As a consequence, the TWI performs badly in a flat landscape [42] .
It may be used as a first step to guide sampling and model development in unmapped areas or to enhance existing soil attribute data from soil survey maps and databases [23] . Higginbottom et al. [16] adopted TWI maps for monitoring wetlands status [16] , while it has been used by Pourali et al. [29] as cost-efficient approach, compared to conventional hydrodynamic models, to identify flood-prone area [29] .
Furthermore, this index has been proved to be very powerful for the investigation of other phenomena: for example, Cohen et al. [5] demonstrated that this index is able to predict household risk of malaria more accurately than land-cover/land-use characteristics, in terrains with high topographic variety [5] .
The TWI suffers of some limitations related to its calculation: it is scale-dependent, and it also depends on the method used to compute the drainage flow paths. Ågren et al. [1] conducted some research to understand at which resolution the TWI gives the best approximation of the soil moisture spatial distribution, but unfortunately that seems to depend on landscape features. Therefore, for different applications it might be possible to have different optimal resolutions.
The other great limitation is given by the computation methods, which will be discussed below, comparing three different FOSS GISs.
Test data
The TWI will be extracted for the area of the Rio Sinigo basin. This watershed is located near the city of Merano in the autonomous province of Bolzano in northern Italy and it covers an area of 35 km 2 (Fig. 2) . The DEM of the Rio Sinigo watershed was extracted from the DEM of the entire province, which has an extension of approximately 7400 km 2 with a height ranging from 250 m to 3900 m a.s.l.; it was processed with a spatial resolution equal to 10 m. The DEM was produced from a airborne laser scanner survey performed by means of the measurement of the first and last pulse. The survey project was carried out by the province of Bolzano and the derived products, are freely available as open data on the province's website [30] . The dataset has three different levels of vertical accuracy (standard deviation) for three different environments of the Rio Sinigo, shown in The data are provided in the ETRS89/UTM system.
Methods
In order to evaluate the potential of each GIS package, we identified all the available tools and algorithms for the TWI computation. This step permitted to investigate the possibility offered by each GIS. As a consequence, we were able to assess the freedom given to the user in setting the index extraction. The software packages used to extract the TWI from the DEM are: SAGA GIS (7.1.1), GRASS GIS (7.6.1) and Whitebox GAT (3.4.0) [6, 22, 25] . In Fig. 4 the possible combinations of tools and algorithms, for the computation of the index, are shown.
To detect the differences in the final product, attributable only to the software choice, possible "common paths" in the index extraction were recognized for each package. We defined "common path" as a sequence of tools using the same algorithms for the same task. We identified two "common paths": one common to all the packages (Path 1) and one common only to SAGA GIS and Whitebox GAT (Path 2), colored in red and blue in Fig. 4 , respectively.
Finally, to compare the results, a simple difference in absolute value between the TWI maps was computed.
Implementation of the TWI computation in the GIS packages
As already mentioned, the TWI is sensitive to the algorithms used to compute it. Therefore, the methods used for the calculation of the slope and the SCA are crucial.
To calculate the SCA it is necessary to compute the flow accumulation first, which can be obtained with several different algorithms. The contributing area, and thus the SCA, depends strongly on how the potentially contributing flow is partitioned from a center cell to its downslope neighbors, and this depends on the chosen algorithm. Usually flow routing algorithm are categorized into two types: single-direction and multipledirection algorithms. Single-direction algorithms assume that water drains from the center cell to one downslope neighboring cell, while multiple-direction ones are able to subdivide the flow to more than one downslope neighboring cell [8] . Different flow routing algorithms can lead to great differences in the final products.
Grass GIS
The Geographic Resource Analysis Support System (GRASS) manages raster, vector, point data and contains image processing modules. Developed by the U.S. Army Corps of Engineers, it was released to public in the 1989 [25] . The GRASS package can be extended through custom modules, which can be written in common programming languages (C, C++, Python, etc.), or developed by people and institutes from all over the world. GRASS is an official project of the Open Source Geospatial Foundation and since 1997 it is maintained by "The GRASS Research Group" at Baylor University, Waco (Texas), U.S.A.
In this environment, it is possible to obtain the TWI with three different tools. The first one, which is also the specific tool for the extraction of the TWI, is the r.topidx tool.
The second possibility is given by the r.watershed tool (Fig. 4a) , which is able to generate many different dataset for the hydrological analysis. Among these maps it is possible to extract the TWI, which is called "topographic index" in this case. The default flow routing algorithm is the Multiple Flow Direction (MFD; [11, 33] ), but it is also possible to use the single flow direction algorithm Deterministic 8 (D8) as proposed in O'Callaghan and Mark [27] ; it has been however suggested in different works to avoid the calculation of the TWI using single flow direction algorithms [1, 8, 20, 35] . For the MFD algorithm it is possible to set a convergence factor between 1 and 10, the default value being 5. This value makes the flow accumulation to converge more strongly with higher values.
The last option is the r.terraflow tool (Fig. 4b) ; similarly to the r.watershed tool, it generates many different spatial datasets and one of them is the TWI, here called "Topographic Convergence Index (TCI)". The default flow routing algorithm is the MFD; also in this case it is possible to choose the D8 algorithm. This tool allows to set a threshold for the flow accumulation. Above the threshold, the flow dispersion will be switched from MFD to D8 in order to represent in a more realistic way the channelization of the water.
Whitebox GAT
Whitebox Geospatial Analysis Tools (GAT) is an opensource GIS designed to provide a platform for the rapid development and testing of experimental geospatial analysis methods, supported by its extensible design, integrated facilities for custom plug-in tool authoring, and its. open-access design philosophy. One of the unique characteristics of Whitebox GAT is the ease with which users can inspect and modify the algorithms for individual geoprocessing tools. The open-access software model that Whitebox GAT adopts is designed to lessen the barriers that are often imposed on end-users when attempting to gain deeper understanding of how a specific function operates. It is a portable application running on the Java Virtual Machine; it is developed using a combination of programming languages targeting the Java Runtime Environment (JRE) including Java, Groovy, Jython (the Python implementation for Java), and Javascript. The Whitebox GAT project began in 2009 through the development efforts of researchers at the University of Guelph, Canada. The project was conceived as a replacement for the Terrain Analysis System, a freeware software package with an emphasis on analysis of digital elevation data [22] .
To calculate the TWI with Whitebox GAT the user has to follow a step-by-step approach. Firstly, the DEM has to be hydrologically corrected; the user can choose between the Fill Depression (Wang & Liu) tool, the Fill Depression (Planchon & Darboux) and the Breach Depression tool (which is the recommended one by the developers). Then, the corrected DEM can be used to obtain the flow accumulation map. If the desired flow routing algorithm is the Dinf, D8 or Rho8, the user has to run respectively the Dinf Flow Pointer, D8 Flow Pointer or Rho8 Flow Pointer tool first; the maps obtained can be used as input for the D-infinity Flow Accumulation tool or for the D8 and Rho8 Flow Accumulation tool, specifying the specific catchment area (SCA) as output type, to calculate the SCA [10, 38] . If the user wants to use the TMFD (here called MDinf) or the MFD (here called FD8) flow routing algorithm, the SCA can be directly calculated using the corrected DEM as input for the MDinf Flow Accumulation or the FD8 Flow Accumulation tool, selecting as output type the specific catchment area [34] . The latter tools give also the possibility to set a nondispersive threshold. This threshold establishes the flow accumulation value above which flow dispersion is no longer allowed. Those grid cells with flow-accumulation values above this limit will have their flow routed with a singleflow-direction algorithm similar to the D8 algorithm. Therefore, the flow will be routed entirely to the steepest downslope neighbouring cell. This, under the assumption that flow dispersion is not realistic once flow becomes channelized, while it is opportune on hillslope areas. In addition, the user can set a different exponent parameter, the default value is 1, to modify the amount of flow dispersion.
The slope map can be computed using the Slope tool, which uses the Horn's method to estimate the slope, taking as input the DEM [17] . If the DEM has different vertical and horizontal units, the user can specify a Z conversion factor. Finally, the tool to extract the TWI map is called Wetness Index, which needs as input the SCA map and the slope map.
Saga GIS
The System for Automated Geoscientific Analyses (SAGA) is an open source GIS, that since its first release in 2004 has rapidly developed from a specialized tool for digital terrain analysis to a comprehensive and globally established GIS platform for scientific analysis and modeling. It is a portable application, so it does not require installation, coded in C++ in an object-oriented design. SAGA has been designed for an easy and effective implementation of spatial algorithms and hence serves as a framework for the development and implementation of geoscientific methods and models. This is possible thanks to an application programming interface (API). In 2005 the SAGA User Group Association was founded to support a sustainable long-term development covering the whole range of user interests. Since 2007, the core development group of SAGA has been situated at the University of Hamburg, coordinating and actively driving the development process [6] .
To extract the TWI with SAGA, it is possible to follow two different paths: the step-by-step path or the one step tool. The first step is the pre-processing of the DEM, which can be done with three different tools: the Fill Sinks (Wang & Liu) tool, the Fill Sinks (Planchon & Darboux) tool and the Sink Removal tool [28, 41] .
All of them fill all the depression of the DEM and give as output a depressionless DEM, which can be used as input to compute a Flow Accumulation map. The user can also specify a minimum slope value, that is the minimum slope angle that has to be preserved from cell to cell, or a threshold for the maximum depth of a sink to be considered for removal.
The tools that can be used to extract the flow accumulation map are three: Flow Accumulation (Top-Down), Flow Accumulation (Recursive), Flow Accumulation (Flow-Tracing).
The Flow Accumulation (Top-Down) tool (Fig. 4c ) needs as input the filled DEM and gives as output the map of the flow accumulation, computed by processing the DEM from the highest cell to the lowest cell. This tool allows to choose the output unit between the cell area and the number of cells, and to set a threshold for the linear flow, i.e. the possibility to apply a linear flow routing algorithm (D8) to those cells having a flow accumulation greater than an user defined threshold. The flow routing algorithm implemented in the tool are: D8, Braunschweiger Reliefmodell, Rho 8, MFD, Deterministic Infinity (Dinf ), Triangular Multiple Flow Direction (TMFD) and Multiple Flow Direction based on Maximum Downslope Gradient (MFD-md) [2, 10, 32, 34, 38] . If the MFD algorithm or the TMFD algorithm are chosen, it is possible to define the convergence factor, which default value is 1.1.
The second possible tool is the Flow Accumulation (Recursive) tool (Fig. 4d) . The input required is the filled DEM and the output is the flow accumulation map. This tool processes recursively all upwards connected cells until each cell of the DEM has been processed. The flow routing algorithms that can be choose are: D8, Rho 8, MFD and Dinf. The user can choose to express the flow accumulation in cell area or in number of cells.
The third available tool is the Flow Accumulation (Flow Tracing) (Fig. 4e) : it traces the flow of each cell in a DEM separately until it leaves the DEM or ends in a sink. As for the other tools the user can choose the unit (between cell area and number of cells) and the flow routing method among the kinematic routing algorithm [21] , DEMON [7] and Rho8. For the Rho8 method the tool adopts the original algorithm only for the flow routing and that will give different results. It is also possible to choose to apply a flow correction.
From the flow accumulation map, which is none but the total catchment area (TCA), it is possible to compute the SCA using the Flow Width and Specific Catchment Area tool (Fig. 4f) . This tool needs as input the filled DEM and the Flow Accumulation map. They are generated by one of the previously described tools. The outputs are the Flow Width and the SCA, needed for the extraction of the TWI. The available methods to calculate these outputs are the following: D8, MFD and Aspect.
To generate the TWI it is also necessary to compute the slope map: the dedicated tool is called Slope, Aspect, Curvature (Fig. 4g) . This tool allows the generation of the slope, aspect and curvature map, taking as input the DEM. The user can choose the method to compute the slope map among the following models: maximum slope -Travis, maximum triangle slope -Tarboton, least squares fitted plane -Horn\Costa-Cabral, 6 parameter 2nd order polynom -Evans, 6 parameter 2nd order polynom -Heerdegen, 6 parameter 2nd order polynomBauer, 9 parameter 2nd order polynom -Zevenbergen and 10 parameter 3rd order polynom -Haralick [2, 7, 9, 14, 15, 17, 38, 40, 43] . The user can also define the unit of the output among radians, degree and percent; in this case, it is important to leave the unit of output in radians, otherwise it will lead to errors in the TWI calculation.
The last step corresponds to the generation of the TWI by mean of the Topographic Wetness Index (TWI) tool. This tool requires as inputs the slope and the SCA maps. It is also possible to give as input the slope and the TCA, but in that case the user has to set the area conversion to "1/cell size (pseudo specific catchment area)"; however, it is better to provide directly as input the SCA. The user can also choose between two options to generate the TWI: the Standard method and the TOPMODEL method.
Furthermore, SAGA GIS offers the possibility to compute the TWI in a single step using the Topographic Wetness Index (One Step) tool. This tool only needs as input the DEM and the user just has to set the preferred flow routing algorithm among the following: D8, Braunschweiger Reliefmodell, Rho 8, MFD, Dinf, TMFD and MFD-md. This tool directly gives as output the TWI map. The Topographic Wetness Index (One Step) tool is a tool chain, in which the DEM is preprocessed with the Sink Removal tool and the slope is computed using the Slope, Aspect, Curvature tool, then the TWI is computed using the following tools in sequence: Flow Accumulation (Top-Down), Flow Width and Specific Catchment Area, Topographic Wetness Index (TWI). The user has only to specify the algorithm used to route the flow in the flow accumulation computation, all the other settings are left as default: this means, for example, that the threshold for the linear flow is always set to 500.
In addition, it is worth mentioning the SAGA Wetness Index tool, which computes the Topographic Wetness Index as before, but modifies the calculation of the catchment area. This method does not consider the flow as a very thin film. Consequently, the cells located in valley floors, with a small vertical distance to a channel, result in a more realistic soil moisture potential compared to the TWI calculated with the standard catchment area [3] .
Results and discussion
The identification of the common path was quite straightforward for SAGA GIS and Whitebox GAT, while it was harder for GRASS GIS, which calculates the TWI with a one-step tool, without clarifying or documenting the implemented algorithms. The available algorithms are resumed in the Table 1 .
The algorithms have been grouped in four categories, considering the three main phases for the TWI computation and the one step procedure, in order to highlight the differences in the algorithms availability and the degree of freedom of choice given to the user. The table shows that SAGA is the most flexible software concerning the algorithm selection in all the considered steps. Whitebox GAT offers a good range of choice, especially in the DEM pre-processing phase, but it has not implemented a one-step tool for the TWI calculation. GRASS is the GIS package with less algorithm choice.
We were able to identify the following two "common paths" to extract the TWI: In fact, the three TWI maps highlight similar discharge (brown pixels) and accumulation (blue pixels) areas. Whitebox GAT and SAGA GIS show a similar range of values, while the GRASS GIS product has a lower minimum value and a higher maximum value.
The comparison of these final products has been performed by means of the simple difference in absolute value between the TWI maps. This procedure highlights how the differences in the TWI values are mainly the consequence of GISs operations (Fig. 6) .
At first sight, it is clear that the comparison between Whitebox GAT and GRASS GIS, and the one between SAGA GIS and GRASS GIS look almost equal. Confirming that, the TWI maps computed with Whitebox GAT and SAGA GIS are actually very similar, in fact they were extracted using the same algorithms. In these two cases (Fig. 6a, b) , the greatest differences are located along the stream network, where the TWI reaches the highest values. The map of the differences between SAGA GIS and Whitebox GAT looks more uniform than those obtained from the comparison with GRASS GIS, with a systematic shift in the TWI values. An offset of 0.2-0.4 is also reflected in the maximum and minimum value of the TWI maps.
Looking in more detail, it is possible to notice some other areas characterized by high differences in the TWI values. These differences are concentrated where the landscape slope is gentle or flat. Obviously, the algorithms Table 1 List of the available algorithms Algorithms suggested for TWI computation in each GIS package, grouped by phase of processing have more problem routing the flow in those conditions; however, this highlights how the same algorithm can lead to different results in these cases using different GISs.
Great differences between Whitebox GAT and SAGA GIS are visible also along the borders of the basin.
Particularly interesting is the area downstream of the lake in the northeast part of the basin (Fig. 7) , where the flow is routed differently by all the considered packages.
The TWI maps obtained following Path 2 are reported in Fig. 8 . As before, the comparison of these final The result looks similar to the comparison done for Path 1 between Whitebox GAT and SAGA GIS. The border effects seem to be weakened, but the area with high differences are the same and the general shift between the TWI values all over the basin is yet present.
The detail of an area with high differences is reported in Fig. 9 .
The comparison table (Table 2 ) resumes the evaluation of some key features for the user of the GISs studied for the extraction of the TWI maps. GRASS GIS results less user friendly compared to Whitebox GAT and SAGA GIS. Also the customization of the TWI workflow is limited in GRASS GIS, which allows to choose only between a singular flow direction algorithm (D8) and a multiple flow direction algorithm (MFD). Whitebox GAT offers a good variety of flow routing algorithms, while SAGA GIS has the most complete choice of algorithms, both for the flow routing and for the slope computation. The tools and the implemented algorithms are very good described in Whitebox GAT. SAGA GIS reports the complete list of the references for every tool and algorithm. Concerning GRASS GIS, the information provided by the standard documentation about the implemented algorithms is more limited, and in some cases the list of references is incomplete.
Nowadays, QGIS is a widely used free and open source GIS package [12] suitable for a variety of applications [31] . Therefore, we considered the implementation of the studied tools in QGIS as an added value in the comparison. The GRASS GIS and SAGA GIS tools are integrated into QGIS; while the algorithms of GRASS GIS are completely available in QGIS, not all the algorithms of SAGA are implemented in QGIS. Also for Whitebox GAT, it is possible to integrate the Whitebox Tools toolset in QGIS, however not all the algorithms are available. GRASS GIS and Whitebox GAT run on Windows, Linux and MacOS operating systems, while SAGA GIS runs only on Windows and Linux operating systems.
Conclusions
The main goal of this paper was the comprehensive evaluation of three different FOSS GIS for DEM based analysis. Whitebox GAT, GRASS GIS and SAGA GIS were compared for the extraction of the Topographic Wetness Index -TWI. It was calculated for the Rio Sinigo basin starting from a LIDAR based DEM, provided as open data. We followed an objective approach to assess performances, potentialities and differences in the final output for each GIS.
The comparison procedure started with the identification of all the possible workflows for the TWI computation. This phase allowed to explore tools and algorithms offered by each GIS and the achievable level of customization.
Secondly, to highlight the differences in the TWI maps only due to the software algorithm implementation, two equal procedures, called "common paths", were followed. The common paths were defined by selecting the same algorithms in the three GIS packages. A comparable trend on the TWI values has been obtained by the three packages. Similar trend of the TWI values computed by each software have been obtained. Whitebox GAT and SAGA GIS showed similar range of values while GRASS GIS output resulted in a wider range with a lower minimum and an higher maximum values. The comparisons between the TWI maps have been performed computing the simple difference in absolute value. This procedure confirmed the similarity between Whitebox GAT and SAGA GIS maps. We observed the largest discrepancies in correspondence of flat landscape or areas characterized by gentle slope. This demonstrates how the same algorithms can lead to different results using different GISs in critical areas. However, all the packages were able to successfully extract the index with comparable outputs and within a similar processing time. For this reason, it is not possible to declare which software is the best choice for the TWI computation.
Although the good performances of the GIS packages, some of them guarantee a higher level of freedom regarding the algorithms choice and the workflow customization. GRASS GIS showed a limited choice of algorithms and parameters. Whitebox GAT and SAGA GIS offered a large variety of flow algorithms. Moreover, SAGA GIS provided several approaches for the slope computation. Algorithms and tools implemented in Whitebox GAT and SAGA GIS are completely documented while GRASS GIS suffered the lack of some information. In conclusion, depending on the user expertise and goals, some tools may be more suitable than others.
The presented comparison procedure has proved to be simple and objective. This methodology could be effectively extended to other case studies as a standard GIS comparison approach.
Overall the presented work confirms the good level of maturity reached by the studied FOSS GIS, even for complicated tasks. Furthermore, this work highlights the impressive possibilities offered by the FOSS environment for the aforementioned analysis. 
